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We, Badische Anhjn- & Soda-Fabrik 
Aktiengesellschaft, a German Joint Stock 
Company, of Ludwigshafen/ Rhein, Federal 
Republic of Germany, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following 
statement : — 

This invention relates to a new method 
for the production of oximes of cyclo- 
aliphatic ketones in an alkaline medium. 

Oximes of cycloaliphatic ketones are 
usually first prepared in an acid medium 
and the reaction mixture is not neutralised 
until it is processed. Methods have how- 
ever been described in which oximes of 
cycloaliphatic ketones have been prepared 
in an alkaline medium. Thus a method is 
known in which oximes of cycloaliphatic 
ketones having at least twelve carbon atoms 
are prepared in a heterogeneous reaction mix- 
ture containing an aqueous phase and an 
organic phase by the action of hydroxyl- 
amine on the ketones at elevated tempera- 
tures in such a way that a pH value of 6 
to 14 is maintained in the reaction mixture 
during the reaction and the aqueous phase 
contains at least 10% by weight of salt at 
the end of the reaction. When carrying out 
this method under the prior art conditions 
and using ammonia as the agent for setting 
up the basic medium, difficulties are en- 
countered in that the reaction proceeds fairly 
slowly and a considerable amount of hy- 
droxylamine is not reacted. On the other 
hand, ammonia is the preferred base because 
[Price 4s. 6d.] 



the ammonium salt obtained as byproduct is 
more desirable than analogous alkali metal 
salts. If unreacted hydroxylamine salt re- 
mains in the ammonium salt, however, it is 
necessary to carry out an additional special 
purification process for the ammonium salt. 
Another difficulty is that in many cases a 
eycloalkanoneoxime is obtained which in- 
cludes a certain amount of cycloalkanone. 

We have now found that oximes of cyclo- 
aliphatic ketones are obtained with higher 
space-time yields and /or with more exten- 
sive exhaustion of the hydroxylamine con- 
tent in the aqueous phase and /or practically 
free from the corresponding ketones than in 
the prior art methods, by reacting cyclo- 
aliphatic ketones with hydroxylamine or 
hydroxylammonium salts in an aqueous- 
ammoniacal heterogeneous medium and 
carrying out the reaction under an ammonia 
pressure of more than 1 atmosphere and 
using ammonia in an excess of at least 50 
mole% per mole of cycloalkanone. 

Cycloalkanones, such as cyclopentanone 
and cyclohexanone, may be converted into 
the corresponding oximes by the new 
process. The process is particularly suit- 
able, however, for the oximation of higher 
cycloalkanones, such as cyclooctanone and 
cyclododecanone, or generally of cycloalkan- 
ones having eight or more carbon atoms, 
particularly eight to twelve carbon atoms in 
the ring. 

The hydroxylamine is advantageously 
used in the form of an aqueous solution of a 
salt, for example the chloride, particularly 
the sulphate. Hydroxylamine is then fiber- 
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ated from the salt in the reaction mixture 
by addition of ammonia. Aqueous hydroxyl- 
ammonium salt solutions of 2 to 40% by 
weight strength may for example be used. 
5 It is an advantage of the process that very 
dilute hydroxylammonium salt solutions may 
be used which contain for example 2 to 12% 
by weight of hydroxyl ammonium salt. In- 
stead of liberating hydroxylamine from the 

10 salt in the reaction mixture, it is of course, 
also possible to start with an aqueous solu- 
tion of hydroxylamine of corresponding 
concentration. 

According to the invention, ammonia is 

15 used under a pressure of more than one 
atmosphere. It is not in general necessary 
to use ammonia pressures of more than 25 
atmospheres. It is advantageous to use a 
pressure of from 1 to 10 atmospheres gauge. 

20 The ammonia is used with a quantitative ex- 
cess of at least 50 mole% over the cyclo- 
alkanone. It is advantageous to use an 
excess of 100 to 500 mole%; it is however 
possible to use even greater excesses, for 

25 example 1200 mole%, because recovery of 
ammonia is very easy during processing. 

The hydroxylamine or hydroxyl- 
ammonium salt and the cycloalkanone are in 
general used in about stoichiometric 

30 amounts; an excess, for example of 10 to 
100%, of one or other component may how- 
ever be used. It is advantageous to carry 
out the reaction in two or more stages by the 
countercurrent principle, a ketone in excess 

35 being reacted with a dilute hydroxylamine 
solution in one stage and an excess of 
hydroxylamine with the ketone in the 
others. 

Although oximation will proceed at room 
40 temperature with appreciable speed, it is 
advantageous, in the interests of rapid re- 
action, to carry out the reaction at a temper- 
ature of 50° to 100°Q in particular at 70° 
to 100°C 

45 The process may be carried out in the 
presence of an organic solvent for the oxime 
which is inert and immiscible with water. 
This method has advantages in the produc- 
tion of cycloalkanone oximes of high cyclo- 

50 alkanones which are precipitated in solid 
form in the absence of such solvents, for 
example cyclododecanone oxime. Moreover 
the coemployment of organic solvents is 
recommendable when working with an ex- 

55 cess of hydroxylamine because in this case, 
in the absence of solvents, there is a risk 
during the deposition of the solid cyclo- 
alkanone oxime or the salt that hydroxyl- 
ammonium salt or ammonium salt may in- 

60 elude unreacted cycloalkanone. 

The following are examples of classes of 
oreanic solvents which have proved to be 
suitable: alkanes, cvcloalkanes, aromatic 
hvdrocarbons, alcohols, ethers, oarticularly 

65 those having boiling points or boiling ranges 



within the limits 40° to 150° C at atmospheric 
pressure. Mixtures of solvents may also be 
used. Examples of suitable solvents are: 
n-octane, hydrocarbon mixtures boiling be- 
tween 100° and 150°C from petroleum 70 
fractions, cyclohexane, methylcyclohexane, 
cyclooctane, benzene, toluene, xylenes, ethyl- 
benzene, butanols, amyl alcohol, diethyl 
ether, glycol dimethyl ether and diisobutyl 
ether. 75 

The solvent is generally used in an amount 
which is sufficient to take up the cycloalkan- 
one oxime formed. Ratios of cycloalkanone 
to solvent of 1 :0.3 to 1:3 are sufficient as a 
rule. 80 

The process may be carried out for ex- 
ample by heating the cycloalkanone and the 
hydroxylammonium salt solution, if desired 
in the presence of an organic solvent, with 
ammonia, advantageously with good mixing, 85 
in an autoclave to the reaction temperature. 
As a rule the reaction is completely over 
after ten to a maximum of sixty minutes* 

To work up the reaction mixture the 
pressure is released. The ammonia which 90 
escapes may be used again. In most cases 
however, it is used to neutralise the acid 
solution obtained in the Beckmann re- 
arrangement of the cycloalkanone oxime in 
the further processing of the cycloalkanone 95 
oxime to lactam. 

The process may be carried out continu- 
ously, advantageously in a cascade of stirred 
pressure containers, by the countercurrent 
principle. The procedure may be for ex- 100 
ample as follows : 

Fresh cyclododecanone is reacted, prefer- 
ably in a molar ratio of 2 : 1 with hydroxyl- 
amine (in the form of a hydroxylamine sul- 
phate solution) which in part has originated 105 
from subsequent stages and in part has been 
freshly supplied, at 80°C for a residence 
time of twenty minutes in the presence of 
1.5 times the amount of ammonia with refer- 
ence to the ketone. After the phases of the HO 
reaction mixture have been separated, the 
aqueous phase is supplied to the recovery of 
ammonium sulphate and the organic phase, 
which consists of a mixture of ketone and 
oxime, is reacted in a second stage with 115 
fresh commercial hydroxylammonium sul- 
phate solution, preferably in a molar ratio 
of 1:2. Ammonia is added in a molar excess 
of 120% with reference to the ketone and a 
solvent is added. The residence time may 120 
be for example thirty minutes at 80° to 
90 °C. The reaction mixture leaving the 
second stage is again separated into its two 
phases, the aqueous phase being supplied to 
the first stage and the organic phase being 125 
directly worked up, for example extracted 
with sulphuric acid. The remaining solvent 
is returned to the second stage. In this way 
it is possible for example to convert cyclo- 
dodecanone in more than 99% yield into its 130 
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oxime, a saturated ammonium sulphate 
solution which contains less than 0.05% of 
hydroxylamine being obtained as byproduct. 

The invention is illustrated by the f ollow- 
5 ing Examples. 

The parts specified in the Examples are 
by weight, unless otherwise stated. Parts by 
weight bear the same relation to parts by 
volume as the gram to the litre. 

10 Example 1 

A mixture of 92 parts of cyclododecanone, 
95 parts of cyclooctane, 83 parts of hy- 
droxylammonium sulphate, 45.6 parts of am- 
monium sulphate, 310 parts of water and 

15 20 parts of ammonia is heated at 110°C for 
sixty minutes in a stirred autoclave having 
a capacity of 1 part by volume and provided 
with a high speed stirrer, a pressure of 7 

on at ?; os P he res gauge being thus set up. 

Two phases form on cooling, the organic 
phase is separated, and 19.35 parts of 
cyclododecanone oxime (i.e. 98.3% of the 
theory with reference to a hydroxylamine 
added) are isolated from it by crystallisation. 
0.05 part of hydroxylammonium sulphate 
may be detected titrimetrically in the aque- 
ous layer, this is equivalent to 0.66% of the 
amount added. The space-time yield of 
cyclododecanone oxime is 464 g per litre per 

J u day. If 4 parts of ammonia be used instead 
of 20 parts, under otherwise identical con- 
ditions, 16.5 parts of cyclododecanone oxime 
and 1.0 part of unreacted hydroxylam- 
monium sulphate are obtained. This cor- 
responds to 84% and 12% respectively of 
the theorv, with reference to hydroxylamine 
added. The space-time yield of cvclodode- 
canone oxime is 396 g per litre of reaction 
space per day. 

40 Example 2 

A mixture of 91 parts of cyclododecanone, 
16.4 parts of hydroxylammonium sulphate, 
39.6 parts of ammonium sulphate. 100 parts 
of water and 14.9 parts by weight of am- 

« moma is heated at 70°C for sixty minutes 
in a stirred autoclave having a capacity of 1 
part by volume, a pressure of 6 atmospheres 
gauge being thus set up. On cooling, the 
organic phase of the reaction mixture separ- 

3v ates and solidifies to a crystalline product 
from which 37.5 parts of cyclododecanone 
oxime and 54.9 parts of unreacted cyclo- 
dodecanone are isolated. The aqueous phase 
contains 0.075 part of hydroxylamine. The 

->-> yield of cyclododecanone oxime is 94 4% 
with reference to hydroxylammonium sul- 
phate used. 0.075 part of hydroxylamine 
sulphate or 0.46%, is unreacted. The space-* 
time yield of cyclododecanone oxime is 900 

60 g per litre per day. 

Example 3 
A mixture of 45.5 parts of cyclododecan- 



one, 49.3 parts of cyclododecanone oxime, 
41.0 parts of hydroxylammonium sulphate, 
110 parts of water, 95 parts of cyclooctane 65 
and 21.3 parts of ammonia is heated for 
sixty minutes at 80° C in a stirred autoclave 
having a capacity of 1 part by volume, a 
pressure of 8 atmospheres gauge being thus 
set up. The organic phase of the reaction 70 
mixture which separates contains 98.2 parts 
of cyclododecanone oxime and 0.65 part 
of cyclododecanone. It may be used direct 
without purification for the production of 
laurolactam. The aqueous phase contains 75 
11.4 parts of unreacted hydroxylammonium 
sulphate. The amount of hydroxylamine 
which is Jacking has been decomposed under 
the reaction conditions. The space-time 
yield of cylododecanone oxime is 2.36 kg per 80 
litre per day. 

The same procedure is followed but only 

6.8 parts of ammonia is used. 95.7 parts of 
cyclodoecanone oxime and 2.34 parts of 
cyclododecanone are obtained. 18.4 parts 85 
of hydroxylamine sulphate remains un- 
reacted. The space-time yield of cyclodode- 
canone oxime is 2.30 kg per litre per day. 

The same procedure is followed but only 
2.55 parte of ammonia is used. The yield 90 
is further decreased to 81.4 parts of cyclo- 
dodecanone oxime and 15.6 parts of cyclo- 
dodecanone. 25.8 parts of hydroxylamine 
sulphate remains unreacted. The space-time 
yield of cyclododecanone oxime drops to 95 
1.95 kg per litre per day. 

Example 4 
91 parts of cyclododecanone and 16.6 
parts of hydroxylammonium sulphate in 145 
parts of water are charged into a stirred 100 
autoclave, 14.9 parts of gaseous ammonia is 
forced in and the whole is stirred for thirty 
minutes at 70°C a pressure of 3 atmospheres 
gauge being thus set up. 37.8 parts of cyclo- 
dodecanone oxime and 54.9 parts of un- 105 
reacted cyclododecanone are obtained by 
working up. 0.075 part of hydroxyl- 
ammonium sulphate remains unreacted in 
the aqueous phase. The space-time yield is 

4.9 kg per litre of reaction space per day. 110 
The yield is 94.4% of the theory with ref- 
erence to reacted hydroxylammonium sul- 
phate, 0.46% of the hydroxylammonium 
sulphate used remains unreacted. 

If, for the sake of a comparison, a 115 
vigorous stream of ammonia be led without 
using superatmospheric pressure, through 
the same mixture at 70°C while it is power- 
fully stirred, and these reaction conditions 
are maintained for sixty minutes, 31.76 parts 120 
of cyclododecanone oxime and 0.9 part of 
unreacted hydroxvlammonium sulphate are 
obtained by working up. In other reaction 
periods, the following results are obtained; 
RT = reaction time in minutes: CDO = 125 
parts of cyclododecanone oxime; HS = 
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25 



parts of un reacted hydroxy lammonium sul- 
phate; STY = space-time yield in kg per 
litre of reaction space per day: — 



RT 

30 

60 (see 
above) 

90 
120 
150 



CDO 

25.5 

31.76 
32.5 
36.4 
36.5 



HS 


STY 


3.3 


2.75 


0.9 


1.72 


0.16 


1.17 


0.13 


0.98 


0.05 


0.79 



WHAT WE CLAIM IS: — 

1. A process for the production of 
oximes of cycloaliphatic ketones by reaction 
of the ketones with hydroxylamine or hy- 
droxylammonium salts in an aqueous- 
amraoniacal heterogeneous medium, wherein 
the reaction is carried out under an am- 
monia pressure of more than 1 atmosphere 
and ammonia is used in an excess of at least 
50 mole% per mole of cycloalkanone^ 

2. A process as claimed in claim 1 
wherein cyclododecanone is used as the 
cycloaliphatic ketone. 

3. A process as claimed in claim 1 or 2 
wherein file reaction is carried out in the 
presence of an organic solvent which is not 
miscible with water. 



4. A process as claimed in any of claims 
1 to 3 wherein the process is carried out 
countercurrently. 

5. A process as claimed in any of claims 
1 to 4 wherein hydroxylammonium sulphate 
is used. 

6. A process as claimed in any of claims 
1 to 5 in which the ammonia is used under 
a pressure of 1 to 10 atmosphere gauge^ 

7. A process as claimed in any of claims 
1 to 6 wherein the excess of ammonia is 100 
to 500 mole%. 

8. A process as claimed in any of claims 
1 to 7 carried out at from 50° to 100°C. 

9. A process as claimed in any of claims 
1 to 8 carried out at from 70° to 100°C. 

10. A process as claimed in claim 1 
carried out substantially as described in 
any of the foregoing Examples. 

11. Oximes when obtained by the pro- 
cess claimed in any of claims 1 to 10. 

J. Y. and G. W. JOHNSON, 
Furnival House, 
14 — 18 High Holborn, 
London, W.C.1. 
Chartered Patent Agents. 
Agents for the Applicants. 
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